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Measurement of the Parity Violating Asymmetry in the N — A
Transition

S.P. Wells, N. Simicevic, and K. Johnston
Center for Applied Physics Studies
Louisiana Tech University
Ruston, Louisiana 71272
and

The GO Collaboration

Abstract

We propose to make measurements of the parity violating asymmetry in inclusive pion
electroproduction from the proton through the region of the A resonance in the Q? range
0.05< Q? <0.8 (GeV/c)?. These measurements will be made using the GO0 spectrometer in
its backward angle mode during the same running period as the elastic &+ p parity violating
asymmetry measurements. The large acceptance of the GO spectrometer presents the unique
opportunity of mapping the Q2 dependence of the asymmetry across the A resonance and
the parity violating asymmetry for elastic 7+ p scattering simultaneously. At the same time
as the GO elastic measurements will be made, we will achieve a statistical precision of ~ 3%
for the inelastic asymmetry in each of the (?? bins measured for the reaction. In the low
energy regime, and at backward electron scattering angles, where these measurements will
be made, the parity viclating asymmetry in the inelastic channel has enhanced sensitivity
to the N — A axial vector transition form factor, GH,{@"). These measurements will
allow Gy 5 (Q?) to be mapped out without relying on PCAC and extrapolation of low energy
theorems (as can be done in coincident pion electroproduction measurements near threshold),
and free from the systematic and model dependent uncertainties associated with neutrino
induced reactions. The parity violating N — A asymmetry will provide direct access to
this form factor, and the proposed measurements represent the first of this quantity in the
neutral current sector of the weak interaction.

1 Introduction

The parity violating asymmetry measured in inclusive electron scattering reactions is driven by
the exchange of a Z° boson, which can be exploited to probe hadronic structure. This feature
has been the focus of much recent attention for elastic parity violating electron asymmetry mea-
surements, both experimentally and theoretically, as a means for determining the contribution
from strange quarks to ground state nucleon properties {1, 2, 3, 4]. Specifically, if isospin is
taken to be a good symmetry, then parity violating elastic electron proton scattering directly
probes the strange vector current matrix element {p|5y,s|p), allowing for a determination of the
nucleon strange charge and magnetic form factors, G§ and G3,;. Experiments of this type are
now technically quite feasible [5]. If parity violating electron nucleon scattering experiments are
extended beyond the elastic channel into particular inelastic chanmnels, additional information
about the nucleon quark currents can clearly be obtained. Due to the pure isovector nature of
the N — A transition, the parity violating asymmetry in electroproduction of this resonance
can isolate the isovector contributions to these currents [6, 7, 8, 9. In particular, the axial vec-
tor transition form factor G4 (Q?), which has also been a topic of much recent experimental
and theoretical interest [10, 11, 12, 13, 14], is isovector in nature, and can be directly accessed
through the parity violating asymmetry in the N — A transition.



Understanding the A resonance has always been considered an important test of nucleon
structure models. Considerable effort continues to be put forth toward the measurement and
interpretation of the N — A eleciromagnetic transition form factors 15, 16, 17, 18]. Because
the A can also be produced in electron scattering via the exchange of the neutral weak Z° boson,
there are also weak transition form factors which contribute, including both vector and axial-
vector pieces. Included in these isovector terms are the axial vector electron-vector quark and
vector electron-axial vector quark contributions; the former depending only on the weak mixing
angle sin? 8y, and the latter containing the axial transition form factor G,’{, a- Given the success
of the standard model of electroweak interactions [19, 20], the isovector couplings can be taken
as input from the standard model, allowing for a determination of G4y, from these asymmetry
measurements. In addition, it has been shown [7] that in the intermediate energy regime (E <
1 GeV) and at large electron scattering angles, where we propose to make these measurements,
the sensitivity of the parity viclating asymmetry on G4 a is much larger than in the high energy

limit (%E' < 1), where this contribution to the asymmetry is negligible [6].

What is intriguing about the ¥ — A asymmetry measurements is that they provide direct
access to Gﬁ,_,_\_, and represent the first determination of this form factor in the neutral current
sector of the weak interaction. In addition, this new physics has the distinct advantage that much
of it can be obtained with minimal addition to existing apparatus, and with no additional beam
time. In the TINAF PAC approved GO experiment [1], the parity violating asymmetry in elastic
€+p scattering will be measured in two different modes of running. The superconducting toroidal
spectrometer used for these measurements will be oriented in two directions: one for the detection
of the forward scattered protons, and the other for the backward scattered electrons. Both
configurations are necessary for the separation of G§, and G}, from the &+ p elastic asymmetry
measurements. In addition to the Focal Plane Detectors (FPD’s), a set of detectors mounted at
the exit of the GO cryostat (Cryostat Exit Detectors) is required for the separation of the elastic
and inelastic channels during the backward angle measurements. The coincidences between
these two sets of detectors serve the dual purpose of eliminating the inelastic contamination
from the elastic measurements, and allow the parity violating asymmetry to be mapped out
across the A resonance simultaneously. The asymmetry in the N — A transition is expected to
be approximately the same size as that in elastic €+ p scattering [8}, and the inclastic yield is
much larger but spread out kinematically; thus, similar statistical precision will be obtained for
the inelastic asymmetry as for the elastic asymmetry during the same running period.

In addition, making measurements on two physical processes simultaneously can provide
useful information. Information from both reactions can be used to check internal consistency
in the experimental apparatus and on the measurement technique. In the case considered here,
the differential cross section will be measured for both elastic €+ p scattering and for electropro-
duction of the A. Because the differential cross sections for these two reactions are well known
in this Q? regime, an excellent check on the spatial dependence of the detector efficiency will be
contained in the data. It should be emphasized that these proposed measurements are possible
due to the large acceptance of the GO spectrometer. Although designed for optimum resolution
and acceptance in the elastic channel, this device has the capability of simultaneously including
the full width of the A resonance in its acceptance over a wide range of kinematic conditions.

2 Formalism

The coupling of electrons to quarks in the nucleon through the exchange of a Z° boson can be
seen in Fig. 1, where we show the first order Feynman diagram for this exchange between an
electron with four momentum K and target nucleon with four momentum P.

The momentum of the scattered electron is K', and the momentum and of the other outgoing
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Figure 1: Feynman diagram for Z° exchange

particle is P’. The electron couples to the Z° boson according to
(K'I57E) = &K gvevs + gaeruvs]u(K) (1)

showing explicitly the vector-axial vector structure of the weak neutral current interaction. The
vector and axial-vector couplings (gv. and g4 .) are functions of standard model parameters,
given in Appendix A. R

For the Z%nucleon coupling, the weak neutral current takes on different forms for the elastic
and inelastic channels. In the elastic channel, we have

_ g’
(PIIENP) = (Pl +i25FF + 7,0:G51u( P) (2)
where, again, the vector-axial vector nature of the weak neutral current is evident. The neutral
weak vector (FZ,FZ) and axial vector (G%) form factors of the nucleon (which are functions
only of Q%) can be expressed in terms of the individual quark form factors [4]; it is through these
weak neutral form factors that the strange quark content of the nucleon can be accessed.

In the inelastic A channel, the neutral current is somewhat more complicated in its general
form (8], '



(PIIJEIP) = \(Pf)[( 7 + ]%P’U + M2 Py)(ga\.ugpl' - gt\ﬂgm’)qp'h + CGZ;-’Q‘\M'YS
Y Z CZ
‘f‘(“ﬁAT + P’ )(gf\,ugpu - g,\,oguu)qp + 057.49/\!'- + Wf;glP)‘q“)]u(P) (3)

but the vector-axial vector nature can still be seen. In this expression, U*(P’) is the Rarita-
Schwinger field describing the spin-3 A resonance [22], P and P’ are, respectively, the momenta
of the nucleon and the A, and ¢ = P/ — P,

The weak transition form factors in Eq. (3), which are functions only of Q?, can be related to
the electroproduction and weak charged current production of the A by performing a rotation in

isospin space and exploiting the conserved vector current (CVC) hypothesis [8]. In the notation
of Llewellyn-Smith [23], they become

C% = aC!, i=3,4,5,
CGZV = 0, (4)
C#4 = -BC#, i=3,4,56,

where o and 8 are the quark-Z° couplings (given in Appendix A). The electroproduction form
factors are denoted by C7, and the C# are _T times the charged-current axial vector weak
transition form factors.

To make the isospin structure of this transition evident, it is useful to examine the parity
violating phenomenological Lagrangian for electron nucleon scattering [24],

L= —SF{ensel§ (imau — dyad) + F(mau + dyad)]
+erre§(avaysu — dyavsd) + S (Fvavsu + dyavsd) + ...}, (5)

where (g, e), (@, ), and (d, d) represent Dirac spinors for the electrons and quarks, the electron-
quark coupling constants have the following meaning:

& : isovector axial vector electron — vector quark,

o

isovector vector electron — axial vector quark,
¥ : isoscalar axial vector electron — vector quark,
6

isoscalar vector electron — axial vector quark,
with standard model relations

& = —(1-2sin’6y)

B = —(1-4sia®8y)

2
¥ = gsin2 Ow

§ = 0.

The dots in Eq. (5) denote isoscalar axial heavy quark (s,c,...) currents.

Because the N — A transition is purely isovector, the parity violating asymmetry for A
production takes the form [7]

dogr — dop, _ Gr Q2

dontdo, - Jaoma s—l&+BF(Q% E,E',8.)), (6)

Agr, =

4



2 . . . . .
where dop(r) = dqg:d?/l/z lr(r) is the differential cross section for scattering electrons of positive

(negative) helicity from the nucleon, Q* = —(K — K')?>, W? = (P + K ~ K')?, a in this case is
the electromagnetic coupling constant, and F(Q?, E, E,8.) contains all of the weak transition

form factors discussed above, in addition to dependence on kinematic variables. Specifically, we
write (see Appendix A),

F(@, 88,0 = X gemig2 o a8, (@, (")

where HEM(Q?,6,) contains the electromagnetic form factors C?(Q?) (¢ = 3,4) (which will
be more precisely determined in future Hall B experiments), and Gy A(Q?) contains the axial
transition form factors C';“(Qz) (¢ = 3,4,5,6). Thus, for a pure isovector N — A transition,
the parity violating asymmetry consists of two terms: the axial vector electron-vector quark
coupling, which is given explicitly by the electron-quark coupling constant &, and the vector
electron-axial vector quark coupling, which contains the axial vector transition form factor
G4 A. The relative strengths of these two terms is determined by the coupling constants &
and f, which, with the standard model value of sin® #,=0.2236, take on the numerical values

& = —0.5536 , 8 = —0.1056.

Thus, for reasonable F(Q%, E, E',8,) values, the leading & term contributes roughly 75% to
this parity violating asymmetry. Using estimates for the N — A weak transition form factors,
F(Q* E,E'6,.) is found to be of order unity in this kinematic regime [7], in contrast to the
high energy limit (ﬁz—E < 1}, where F(Q* E, E',8.) < 1[6]. Consequently, using relatively low
beam energies and detecting electrons scattered at backward angles will enhance our sensitivity
to the N — A axial transition form factor G, (@?).

This form factor can be accessed in a number of different ways, and is usually parame-
terized in terms of the axial-vector mass M4, according to the Adler model [25], in which a
modified dipole form is used. In neutrino induced weak A** production, G’,:‘,A(Q'Z) can be
determined through the Q* dependence of the differential cross section for this reaction, and
therefore represents a determination of this form factor in the charged current sector of the
weak interaction. An early study of neutrino induced weak A**t production from the proton
[26] yielded a value of M4 = 0.95 £ 0.09. A more recent study [27] of this reaction on deuterium
between 0.1 < @% < 3.0 (GeV/c)? yielded M4 = 1.287098 but this value showed sensitivities
to deuteron structure and cuts on spectator nucleon momentum. The measurements described
in this proposal will provide the first determination of M4 in the neutral current sector. Com-
parison between these two types of measurements of the same physical quantity can therefore
provide us with an indication of how important isospin breaking corrections are in the weak
interaction [31]. In 7~ A** electroproduction, coincidence differential cross section measure-
ments are typically performed near threshold [14, 28, 29], in which the scattered e~ and the
electroproduced #~ are detected. To interpret these data, low energy theorems are extrapolated
from threshold through the resonance region, and use is made of the partially conserved axial
vector current (PCAC) hypothesis. To date, data from experiments of this type have instead
been interpreted, using the theoretical results of Adler and Weisberger {30], in terms of the
nucleon axial vector form factor G4(@?). The TINAF PAC approved E94-005 experiment [14],
however, will use the above mentioned techniques and approximations to extract G4 , for larger
Q? values than considered in this proposal (0.5 < Q% < 2.5 (GeV/c)?). In contrast, the
measurement of the parity violating asymmetry in the N — A transition proposed here gives
direct access to G4 A(Q?), without PCAC or extrapolation of low energy theorems. Because
PCAC, which essentially states that all of the axial current is carried away by the electropro-
duced 77, is expected to be broken at the 5-7% level [31], comparison of the determination of
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G#4A(Q?) from the electroproduction experiments with the determination through the parity
violating asymmetry in the N — A transition can provide some insight into PCAC violation.

Although these asymmetry measurements give us direct access to G&,(@?), a correct de-
termination of this form factor can only be done if the non-resonant contributions to the asym-
metry are small, or understood. With an extensive data base of single pion photoproduction
cross section measurements in the region of the A {32, 33, 34, 35, 36, 37], a model independent
determination of the resonant and non-resonant contributions to this process has been made
[38], allowing for a determination of the E2/M1 ratio for the resonance, free from uncertainties
associated with theoretical models of background contributions. This ratio, recognized early on
as a crucial quantity to test theories of effective forces between quarks needed to understand
hadron structure [39], could be extracted with no model dependence, allowing for a cleaner
interpretation of the data and their implications for theoretical models. While it is true that
the allowed phase space for inclusive single 7 electroproduction from the proton has its domi-
nant contribution from the resonant AY, there are contributions from non-resonant processes
which must be understood for a proper interpretation of the data (see Appendix B). To under-
stand these contributions to the asymmetry, a similar model independent determination of the
resonant and non-resonant pieces must be performed throughout the entire Q2 range studied.
Several measurements planned for Hall B [40] will address this issue directly by mapping out
the @2 dependence of both resonant and non-resonant multipoles in single 7 electroproduction
for @2 < 4 (GeV/c)?. Although these experiments focus on determining the electromagnetic
ratio ﬁ:— to high precision (errors of order 0.005), the combination of angular distributions and
polarization observables will allow for determinations of all of the s and p wave multipoles, along
with their isospin decomposition, to somewhat less precision {errors of order 0.04) [40].

Until such electroproduction data exist to constrain the non-resonant multipoles, we must
rely on models for an estimate of what contribution the non-resonant background will make to
the parity violating asymmetry in the N — A transition. One such estimate can be made by
comparing two calculations of this asymmetry: one for pure A production [8], and one for single
7 production at the same energy [41], which includes contributions from all Born diagrams and
p and w meson contributions in addition to the A. These two calculations are within 10% of
each other in the Q% range considered in this proposal, suggesting that the contribution to the
asymmetry from the non-resonant background is indeed small in this kinematic regime. More
recently, a phenomenological model with effective Lagrangians {13] was used to calculate the
parity violating asymmetry in 7 electroproduction from the proton in the energy region between
pion threshold through the A resonance. In these results, contributions from the resonant, non-
resonant, and interference terms are given separately as a function of both Q2 and &, (photon
equivalent energy), providing a useful guide for understanding the sensitivity of the asymmetry
to these separate contributions in varying kinematic regimes. In Fig. 2 we show the calculations
of Ref. [13] near the peak of the A resonance for these different contributions to the asymmetry
at an incident beam energy of 0.8 GeV, normalized to the @2 of the reaction, as a function of
@?, along with our expected statistical uncertainty for the inelastic &+ p measurements to be
made concurrent with the GO elastic €+ p measurements. As in the previous estimate based on
the calculations of Ref.’s [8] and {41], the full calculation and the resonant contribution differ
by at most 10% in this same @? regime, giving us confidence that a meaningful interpretation
of these data is possible. With the non-resonant contributions sufficiently constrained, we can
make an estimate of what precision we can achieve on the axial transition form factor G,"\‘,A,
which we plot in Fig. 3, using the modified dipole parameterization of Adler {25]. From the
expected statistical precision, we can extract the axial mass M4 from Gf\‘m with an absolute
error of 0.03, roughly a factor of 3 better than any of the neutrino experiments which have
extracted this parameter.
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Figure 2: Asymmetries for the &€ 4 p inelastic reaction at the peak of the A resonance. The
result of the full calculation (solid line) is compared to the contributions of the non-resonant
background {dotted line), resonance (long dashed line), resonance neglecting the contribution
from the axial form factor G, (Q?) (short dashed line), and interference term (dot-dashed line).
Included are the expected statistical uncertainties of our measurements in the several Q? bins
of the reaction to be measured.
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Figure 3: Axial vector transition form factor Gﬁ,A plotted vs. @? assuming the Adler parame-
terization. Errors represent expected statistical errors only, and the allowed kinematical region
for 2-r production has been excluded.



3 Kinematics and Cross Section Calculation

The design of the N — A transition experiment in this proposal has several constraints which
have already been taken into account. The GO spectrometer and associated collimator design
is optimized for elastic forward proton and backward electron scattering, and can be used for
the N — A (ransition asymmetry measurements with no modification. For these inelastic
asymmetry measurements made during the same running period that the elastic electron-proton
asymmetry measurements are made, we can not alter any of the G0 spectrometer settings.

The asymmetry in the N — A channel will be measured with the GO spectrometer in
the backward angle measurement mode. In this configuration, elastically scattered electrons are
detected in an angular range centered around 8, ~ 110°. Using the magnetic field setting, target
position and target length for the elastic channel settings, we can calculate the kinematical limits
for the inelastic electrons, which are shown in Table 1.

The measurement of the N — A asymmetry using the GO spectrometer is an inclusive
measurement, in which only inelastically scattered electrons are detected. The calculation of
the cross section in this kinematical range is based partially on the work of J. W. Lightbody
and J.5. O'Connell [42] and F.W. Brasse et al. [43, 44]. The inelastic electron scattering cross
section is calculated as the product of the virtual photon flux and the total cross section for
virtual photon-proton scattering, as a function of Q2 of the virtual photon and the invariant
mass of the photon-proton system. The calculation of the total cross section for virtual photon-
proton scattering is based on the parametrization by Brasse et al. [43, 44]. The results for some
electron angles are shown in Fig. 4 for an electron beam momentum of £E=0.933 GeV.

E(GeV) | Q% ((GeV/c)’) | QF,o (GeV/cP) | Eipy (GeV) | 6, (deg)

inel.

0.585 0.5 0.04 - 0.38 0.066 - 0.259 57.3 - 111.7
0.730 0.7 0.05 - 0.56 0.073- 0.307 56.3 - 113.5
0.933 1.0 0.10 - 0.82 0.082- 0,362 b55.0-114.6

Table 1: Inelastic kinematics for magnetic fields optimized for the elastic channel, calculated for
three beam energies.

The calculation of the A electroproduction cross section for the beam energies below 1 GeV
is in good agreement with the existing data [42], and can be used to estimate the rates and
uncertainties for the N -+ A asymmetry measurements.

4 Rates

The rates for the inelastically scattered electrons are calculated as:

Rates = /E’" ] 9015 dn (8)
- B . Jan dE'dQ

where - g," —— is the double differential inelastic electron cross section, E, . and E, . are the
lower and upper limits of the detected electron momentum, and AQ is the covered solid angle.
For the inelastic channel, the scattered electron momentum range AE  and solid angle AQ are
small enough in each Focal Plane Detector-Cryostat Exit Detector coincidence measurement to

allow Eq.(8) to be replaced by:




Figure 4: Inelastic electron-proton cross section calculations for £=0.585 GeV, at four electron

scattering angles.
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dO’ i
Rates = m AE AQ, (Q)

where d—gf’d—ﬂ is the average inelastic electron cross section for electrons having a momentum
range AE' detected in the solid angle A.

The measurement of the N — A channel in these measurements is broken into hundreds
of AQ and AE’ bins, depending on the number of Focal Plane Detectors and Cryostat Exit
Detectors used in the experiment. The analysis of rates is done by assuming coincidences
between 12 Cryostat Exit Detectors and 16 Focal Plane Detectors. The total number of possible
FPD-CED coincidence combinations is 192, but due to the allowed phase space for single pion
production, a little less than half of these are used for the N — A measurement.

The procedure for the rate calculation can be divided into several steps:

e for the single pion production reaction, the phase space density of the three particle final
states is calculated numerically using the CERN library routine GENBOD [45)

o the inelastically scattered electrons are tracked through the GO spectrometer by the pro-
gram TRACKTOR, part of the program package used for the spectrometer design [46, 47]

e electron multiple scattering is calculated in the liquid hydrogen target using a Gaussian
multiple scattering method [48]

o the electron momentum range and solid angle are calculated from the Monte Carlo simula-
tion as twice the standard deviation of the appropriate distributions obtained by requiring
that the electrons generated in the target track through a particular Cryostat Exit Window
Detector segment and particular Focal Plane Detector segment

e beam current, target length and thickness, and luminosity are assumed to be the same as
for the elastic scattering experiment [47], and are represented in Table 2.

Average current: 40 uA
Target length: Q* dependent (10-20 cm)
Luminosity: Q* dependent {1.05 — 2.1 x 10°® em~ 2571

Table 2: Beam and target parameters for luminosity determination.

Some results from the procedure described can be seen for a beam energy E=0.933 GeV
in Fig.’s 5 and 6, where the scattered electron momentum and angle, respectively, are shown
for the A resonance in the space of Focal Plane Detector-Cryostat Exit Detector coincidences.
These plots show that the spectrometer and detector acceptance can include the full width of
the A in FPD-CED coincidence space.

Finally, calculated rates for the same beam energy £=0.933 GeV are shown in Fig. 7.

5 Statistical Uncertainties of the Measured Asymmetries

In the previous two sections, we have described a procedure for calculating inelastically scattered
electron kinematics, cross section and counting rates for particular CED segment-FPD segment
coincidences. The asymmetry is then determined from yields for the two beam helicities (each
measured for a time T}) as [47]:
Ameas — Y+ " Y—, (10)
Y. +Y.
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where
Rate x T, Ny

=, 11
Qh Qr (11)
and Nj, and @) are the total number of counts in the detectors and the beam charge passing
through the target in time T}, respectively.

Yh -

The number of counts in the detectors for the two beam helicities is approximately equal,
Ny ~ N_ = N/2, where N is the total number of counts. Neglecting, for now, any dilution
factor, the statistical uncertainty we expect to achieve is simply:

Aameas = (12)

VN

While a detailed description of the N — A transition asymmetry is given in previous sections
and the appendices, to calculate the statistical precision of the proposed measurement, we use
only the dominant leading term in the asymmetry,

_Gr @ _
T V2 2%e % (13)

where @2 is the four momentum transfer squared, Gr = 1.17 x 107°(GeV~2) is the Fermi
coupling constant, @ = 1/137.04 is the electromagnetic coupling constant, and & is taken to
be -0.5536 (with the standard model value of sin’ 6y = 0.2236). An example of asymmetries
calculated using this formula are shown in Fig. 8.
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E(GeV) | Time (h) ] Target length (cm) l Q: .. Range ((GeV/c)?) | E:TI/Bi'n. | No. of bins

0.585 700 20 0.04 - 0.38 21 % 80
0.730 700 12 0.05 - 3.56 31 % 82
0.933 700 10 0.10 - 0.82 21 % 85

Table 3: Kinematic Ranges and Statistical Precisions for Inelastic Measurements

The expected statistical uncertainties for inelastic asymmetry measurements made during
the same running period as the elastic asymmetry measurements are summarized in Table 3 for
three beam energies. The running time for each measurement is assumed to be 700 hours.

In Table 3, each bin corresponds to a particular FPD-CED coincidence, with a mean value
of @* for that bin at that beam energy. To determine the expected statistical accuracy for each
@2 bin (with full width 0.05 GeV), we take the weighted average of the expected uncertainties
of all the FPD-CED coincidence bins with mean Q? values within each 0.05 GeV Q2 bin for
all incident beam energies. These are the expected statistical uncertainties for the N — A
asymmetry shown in Fig. 2 as a function of Q?. The same procedure is performed to obtain the
expected statistical accuracy for G4, shown in Fig. 3 as a function of Q?, after excluding those
FPD-CED coincidence bins which include the allowed kinematical region for 2-7 production
(described in Section 8).

6 Systematic Uncertainties and False Asyminetries

The GO experiment is designed to measure the asymmetry in parity-violating elastic electron
scattering from the nucleon p(€, e)p to 5% statistical accuracy in the Q% range between 0.1
and 1.0 (GeV/c)?, where the expected asymmetry ranges from approximately —3.0 x 10~% to
—75.0 x 107%. Accordingly, limits on the systematic uncertainties have been set at 5% of the
overall goal for the experiment [47}, where limits on individual false asymmetries are set to be
less than 5% x 2.5 x 1077 ~ 1 x 1073,

Because the expected N — A transition asyminetries are larger than the asymmetries in
elastic electron scattering, the limits set for the systematic uncertainties and false asymmetries
for the elastic case are more than adequate for the N — A asymmetry measurement.

The helicity uncorrelated background noise is reduced by a data-taking sequence of a ran-
domly chosen beam helicity pattern of four, + — —4 or — + +—, where one helicity state is
measured during the time interval T} = 1/30s, assuming that long term drifts are essentially
- linear during such short time intervals. The local power deposited in the target by the high
current beam is reduced by rastering the beam on the target.

The list of specifications of systematic uncertainties and false asymmetries taken from the
GO Technical Design Report [47] include:

¢ measurement of the average beam polarization to 2%

¢ measurement of the beam charge during the measurement time of T}, = 1/30s to AQ/Q =
4 %1075

¢ measurement of the parameters whose variations are correlated with helicity during the
measurement time Ty, = 1/30s to the precision of:

— beam energy AE/E =1x 1075

15



~ beam diameter Ad/d = 100%
— beam intensity AI/] = AQ/Q = 4 x 107°
— beam position and angle Ar = 800um and Af = l4urad

In the GO Technical Design Report, it was shown that the contribution to the false asymmetry
from the nonlinear terms, deadtime, pileup, polarized proton scattering in the collimators and
target, changes in beam shape, and particle counting are negligible, even on the level of the
smallest expected asymmetry for the elastic measurements.

7 Hall C Beam Development

During a TINAF running period in July and August of 1997, polarized beam was delivered to
both Hall A and Hall C (Hall A being the priority hall). The efforts in Hall C, driven by many
of the GO Collaboration members, were directed toward measuring properties of the beam which
depend on the beam helicity, and understanding the sensitivities of these properties to helicity.
This was possible because the beam line from the beam switch yard through the transport arc to
the Hall C target position was instrumented with Beam Position Monitors (BPMs), and Beam
Current Monitors (BCMs) were installed near the Hall C target position. In addition, because
sensitivities to helicity were being investigated, a copy of the signal determining the sign of the
voltage applied to the helicity Pockels cell (thereby determining the “handedness” of the circular
polarization of the light incident on the GaAs crystal, and therefore the polarization direction
of the electron beam) was sent from the Polarized Source to the Hall C counting house.

Throughout this run, the beam helicity was reversed at 30 Hz in a non-random fashion.
To obtain information on sensitivities to electronic noise, signals from each BPM and BCM,
in addition to the helicity signal, were read out via CAMAC at 120 Hz. Four voltage signals
from each BPM, corresponding to the left, right, top, and bottom electrodes, in addition to the
voltage signals for the beam helicity and each BCM (corresponding to the total charge density
of the beam at that position), were used as input to Voltage to Frequency (VtoF) converters,
the outputs of which were fed into CAMAGC scalers to be read and cleared every ﬁ seconds.
This was sufficient information to determine the horizontal and vertical beam position at several
points along the Hall C beam line, and the total beam current incident on the Hall C target,
averaged over each 7 ms counting interval. Because the helicity of the beam was. also read
during this time period, the average helicity correlated bearmn current difference, and the average
helicity correlated horizontal and vertical beam position differences could be determined at
several points along the beam line. In particular, one BPM was installed at a position where the
beam dispersion is known (22mm/% ), allowing the helicity correlated beam energy asymmetry
to be deduced from the helicity correlated beam position difference at that point in the beam
line.

Because Hall A was the priority hall during this run, properties of the beam could not
be changed at our request. Our approach was to simply take the beam tune as given, and
determine the beam sensitivity to helicity for this parasitic run. Once a satisfactory beam tune
was established into Hall C, data taking ensued. Shown in Fig. 9 are some results from the first
several hours of parasitic running. The horizontal and vertical beam position differences from
the last two BPMs in the Hall C beam line (from which the helicity correlated beam position
and angle differences can be determined), and beam charge and energy asymmetries are plotted
as a function of Run Number (giving a good indication of how things are changing with time).
As can be seen from the figure, simply turning on a parasitic beam into Hall C produces a beam
with helicity correlated position and angle differences consistent with zero (at the 100 nm level),
helicity correlated energy asymmetries consistent with zero (at the 10 x 107% or 10 part per
million (ppm) level), and helicity correlated intensity modulations at the 10-20 ppm level. In
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Figure 9: Helicity correlated beam position differences at BPMs ~ 17 m (upper two: left -
horizontal, right - vertical) and ~ 6.5 m (middle two: left - horizontal, right - vertical) upstream
of the Hall C target position, and helicity correlated beam charge (lower left) and energy (lower
right) asymmetries, as a function of Run Number.

addition, the BCMs were shown to be sensitive to better than the 10~ level, and the BPMs were
shown to have intrinsic resolutions of less than 30 pm (with issues of common mode electronic
noise to be resolved). Finally, to test what level of false asymmetry would be introduced by
helicity correlations in the data acquisition electronics, data acquisition was enabled during time
periods when beam was not being transported into Hall C. The combined asymmetry of these
“pedestal” runs was consistent with zero to the 1077 level. All of these results give us confidence
that the systematic uncertainties and false asymmetries associated with the TINAF beam will
be small, and can be kept at a controlable level.

8 Background Consideration

In the presence of background, the measured asymmetry A, is related to the inelastic asymmetry
A; by the following expression [47]:

A, = A;R; + ARy
R, + Ry
where R; and R; (A; and A,) are the total counting rates (asymmetries) for the inelastic and
the background events, respectively. The backward angle measurement of electrons is essentially
free from background contamination (a discussion of the physics background of non-resonant

terms can be found in Appendix B). In particular, the magnetic analysis of the G0 spectrometer
and collimator system ensures that only negatively charged particles scattered from the target

(14)
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Figure 10: Elastic (lower band) and threshold inelastic (lower band) scattering loci in FPD-CED
space.

will reach both sets of detectors. In addition, with the kinematics set by the GO spectrometer,
we can identify at what point the 2-7m phase space opens up. Thus, by excluding the region above
2-r production threshold, the e + p — ¢/A**7~ cannot contribute. Because the beam energies
chosen for the GO elastic measurements are sufficiently low, the background in the inelastic
asymmetry will come mainly from the elastic chanuel, in addition to enhancing the sensitivity
of the inelastic asymmetry to the G4, form factor. From kinematics alone, a significant energy
gap exists between the elastic and inelastic electrons in CED-FPD space which allows a clean
separation between these two channels. An example of such a gap is shown in Fig. 10 for an
electron beam energy of E=0.730 GeV and target length L =10 cm.

Due to the finite length of the LH, target, however, the incident beam electrons can lose
energy (radiating bremsstrahlung photons) before scattering from a target proton. There will
therefore be an elastic “radiative tail” which will contaminate the inelastic measurement. The
yield for this process can be estimated by knowing how the cross sections for bremsstrahlung
and elastic scattering depend on electron and photon energy {49]. Because these measurements
will be performed with different beam energies, different amounts of the elastic radiative tail
will contribute, depending on which beam energy is used. In the worst case, corresponding
to the lowest beam energy, we estimate that the yield from this contamination is of order 1%
of the inelastic pion production yield. In addition, the elastic parity violating asymmetry will
be measured, allowing us to calculate the contribution to the inelastic asymmetry from this
background process. Thus, we conclude that the contribution from the elastic radiative tail to
the asymmetry in the inelastic channel is small, and easily correctable.

The neutron background in the backward direction will consist mainly of a low energy neutron
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gas, the rate of which is expected to be a factor of two smaller than in the forward direction
[47]. This neutron background has been extensively studied using a GEANT simulation [50],
and special emphasis has been placed on the design of neutron shielding for the detector system.
With this shielding design, the expected neutron background will be small enough that the false
asymmetry due to accidental FPD-CED coincidences will be negligible, even if the asymmetry
of the neutron background is several times larger than the asymmetry of interest {47]. (This
neutron background contribution can be estimated by measuring rates with the spectrometer
magnetic field off.)

The elastic electron-proton experiment is designed so that both background asymmetries
and rates will contribute at most 5% to even the smallest elastic scattering asymmetry. Because
both the rates and expected asymmetry for the N — A transition are higher, the designed
experimental apparatus will allow the N — A asymmetry measurement to be made with even
less dilution from background than in the elastic case.

In addition, special attention has been given to the 2-7 final state channel. The impact of
this background on the N — A asymmetry measurement depends on the kinematical overlap of
these two different channels, as well as on the cross section for 2-7 production. The kinematical
overlap is a function of the beam energy and increases with increasing beam energy. The
kinematical limits of the 2-7 final state channel for a few selected beam energies are shown as
lines in Fig. 11, where the 2-7 final state allowed kinematical region is above the line.

From Fig. 11, we can see that the kinematical region contaminated by the 2-7 final state
reaction is small for lower beam energies, but becomes roughly 50% at the highest beam energy.
In our first conservative approach, only data from the uncontaminated region will be used.
Extraction of the data from the contaminated region can later be performed by using two pion
production cross section values and estimates of the parity violating asymmetry in this channel,
which presently do not exist. It is expected (see Fig.’s 2 and 17, and Ref. [13]) that the parity
violating asymmetry in single pion electroproduction varies smoothly and slowly as a function of
both @? and excitation energy. Any sharp deviation from this dependence at the 2-7 threshold
would indicate that something unexpected occurs at the opening of this channel.

9 Experimental Apparatus

Although the experimental apparatus described here is designed for the elastic electron-proton
channel, it can be used for the N — A asymmetry measurement with no modification. While
here we present only the essential properties of selected parts of the apparatus, a very detailed
description can be found in GO Technical Design Report [47]. Measurements of asymmetries as
small as —3 X 107% with statistical uncertainties of AA/A < 5% and systematic uncertainties
related to helicity correlated effects of AA < 2.5x 1077 in a reasonable amount of time requires
high luminosity and a large-acceptance spectrometer and detector system.

The large-acceptance is achieved by a magnetic spectrometer, consisting of a toroidal array
of eight superconducting coils with a field integral of approximately 1.6 T-m. The spectrometer
is designed to focus particles of the same momentum and scattering angle from the length of the
extended target to a single point, i.e., zero magnification in the dispersion direction [47]. The
maximum mormentum of the spectrometer is chosen to match the maximum proton momentum
of ~ 800 MeV/c for the forward elastically scattered protons. In the backward direction, the
elastically scattered electrons can be efficiently measured using beam energies up to 2.2 GeV.
The overall acceptance of the spectrometer for the elastically scattered electroms in this latter
configuration is 0.5 - 0.9 sr.

Because the magnetic spectrometer is going to be used for small asymmetry measurements,
special attention in the design has been put into:

19



AN

g g
FRLN S Fufl
a 2
8 8
2r 62 8 %W 0 nwr o
LI T T ] s e
10 s a1 w2 10 | n
91 0 [ w
[ 3 94 94 8 F [y
“ &
ek 7 & m
M7 s
ol seomomanms i
[ 2] 1I%IM 0
% s 105 108
r
N T il
10 H:%! 14 2 4 L [ 10 12 14
Theta mean FP Deiactara
2 B
Tul RN
& 3
8 #
2 o 8 75 02 M w9
W oy T 8T W 100
10k ] [LTRNEi}
» 101 102
. = 105
&l
s
a7 -
@ s
a b
E W 1o ,
2 4 [:] ] 10 12 14
FP Datecioer
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different beam energies.
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Figure 12: Schematic view of major experimental apparatus components.

o azimuthal symmetry of the spectrometer, minimizing the sensitivity to systematic errors
associated with the beam motion

¢ not having magnetized iron in the spectrometer, therefore eliminating false asymmetries
due to secondary scatterings

¢ having zero magnetic field at the target position

e making it a stand-alone device, thus providing a stable setup, important for asymmetry
measurements

e making the spectrometer small enough to be positioned upstream of the pivot in Hall C
for minimal interference with other experiments,

The detector is composed of a system of scintillator detectors, each viewed by two photomul-
tiplier tubes, one attached at each end through a light guide. It consists of two sets of detectors:
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CED ~40 CM

Figure 13: Schematic of an individual Cryostat Exit Detector, including attached light guides
and photomultiplier tubes.

16 Focal Plane Detectors and 12 Cryostat Exit Window Detectors, both shown schematically
in Fig. 12 {(where, for clarity, only one of the 8 GO sectors is shown, and only one light guide
and photomultiplier tube are shown for each detector). The detectors are designed for two main
purposes: the Focal Plane Detectors will detect protons scattered in the forward direction and
separate them according to the Q° bins of the reactjon; and both Focal Plane and Cryostat
Exit detectors will detect electrons scattered in the backward direction with the elastic and
inelastic channel separation obtained through FPD-CED coincidences. The shapes of the Focal
Plane Detectors follow contours of equal Q? bins calculated from the kinematics of the forward
measurement of elastically scattered protons, and the shapes of the Cryostat Exit Window De-
tectors, an example of which is shown in Fig. 13, are calculated to match the Focal Plane
Detector shapes, The Cryostat Exit Detectors will be positioned on the G0 spectrometer exit
windows, corresponding to the beam axis coordinate of ~ 180 cm.

The shape of the light guides, also shown schematically in Fig. 13, is driven by space
constraints in the detector system. Qnly the space between each of the 8 G0 sectors is available
to collect the light from each scintillator, and guide it to photomultiplier tubes positioned outside
the magnetic field of the spectrometer, and out of the path of the electrons scattered from the
LH, target into the GO focal plane. Tests are currently under way to determine the light
collection efficiency for this detector shape, and this light guide configuration, and preliminary
measurements indicate that light collection will not be a problem.

The support structure for both Focal Plane and Cryostat Exit detectors, along with appro-
priate shielding, is currently being designed at TINAF, with issues of space constraints and
mechanical support taken into account. In addition, the design is such that the CED support
will be modular, allowing them to be added to the system after the spectrometer has been
rotated for the backward angle measurements.

Special attention in the design of the detector system has also been put into:

¢ keeping the counting rate in each detector segment ~ 1 MHz or less
o keeping the time-of-flight resclution ~ I ns or better

e having good @? resolution
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Figure 14: Schematic of SAMPLE target cell.

e keeping the photomultiplier tubes outside of the magnetic field
o keeping the total number of channels reasonably low, reducing the cost

e keeping the thickness of the scintillators low, therefore reducing the neutron background

Finally, the luminosity is achieved by rastering 40u:A average beam current over the GO liquid
hydrogen target. The target used for the SAMPLE experiment at Bates Linear Accelerator
Center [52], a schematic of which is shown in Fig. 14, was tested under similar conditions for
more than a thousand hours with very satisfactory results and a modified version of this target
will be used for these measurements.

Overall performances of the experimental setup were studied using a GEANT based simu-
lation. Fig. 15 shows the setup as used in the GEANT simulation, as well as a view of the
tracks of backward scattered elecirons in the elastic and inelastic channels, clearly showing how
different CED-FPD coincidences can be used to separate these two channels.

10 Data Acquisition Electronics

Because in the GO experiment the method for extracting elastic scattering events is significantly
different for the forward and backward angle modes of running, a small part of the electronics re-
quired will be different. In fact, most of the electronics used for the forward angle measurements
will be utilized in a different way for the backward angle measurements.

In the GO forward angle proton measurements, time of flight spectra will be accumulated in
high speed scalers in several time bins for each FPD. In this case, good time of flight resolution
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Figure 15: Schematic of setup as used in GEANT simulation, including tracks of both elasti-

cally (upper tracks) and inelastically (lower tracks) scattered electrons passing through different
combinations of FPD-CED coincidences.
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(& 1 ns) is required to isolate the elastically scattered protons in a given FPD from background.
To achieve this, a specialized circuit board will be used to bin each of the focal plane scintillator
signals into 1 ns time bins for input to high speed scalers [47]. In this way, the time range
of interest (corresponding to the time of flight for elastically scattered protons) between beam
pulses delivered to the experiment can be fully sampled, with elastic events well discriminated
from background events. It is expected that 12 time bins for each focal plane detector will
be sufficient to fully sample this time range, requiring 12 scaler channels to be read for each
focal plane detector. In addition, a set of “backing” detectors will be placed behind the focal
plane detectors. A coincidence between the backing detectors and the focal plane detectors
ensures that a charged particle passed through the focal plane detectors, and can therefore
reduce contamination from neutral particle background.

In the backward angle mode of running, it is the electrons which are detected. In this
case, the inelastic and elastic channels cannot be separated by time of flight information. The
required separation must come from the CED’s used in coincidence with the FPD’s, which
provide measurements of both the scattered electron momentum and angle. In addition, this
coincidence ensures that a charged particle was scattered from the target, eliminating the need
for the backing detectors used for the forward measurements. All of the photomultiplier tubes
and associated power supplies used for the forward angle backing detectors can therefore be
used for the CED’s during the backward angle measurements. In addition, with the use of 12
CED’s for each of the 8 GO sectors, the existing 12 scaler channels used for the forward angle
time bin measurements for each FPD can now be used to count the number of coincidences
between every combination of CED and FPD. Because the same number of words will be read
in this case as in the forward angle case, there will be no extra demands on the data acquisition
system, as well as no additional cost for photomultiplier tubes, associated power supplies, and
high speed scalers.

While both the FPD’s and CED’s will still require constant fraction discrimination and
mean-timing to eliminate electronic walk and light propagation time effects within each scin-
tillator during the backward angle measurements, these discriminated signals will then be used
as input to logic circuitry, in the form of Programmable Array Logic, presently being designed
at Louisiana Tech, to determine which CED’s formed coincidences with which FPD’s, as shown
schematically in Fig. 16. These coincident signals will then be sent directly into their corre-
sponding scaler channels to be read out during the beam helicity change (as discussed in Ref.
(47]). Due to the large number of coincidences involved, this logic circuitry will be custom
made for this purpose at Louisiana Tech University for significantly less cost than commercially
available electronics, and with smaller propagation delay times.

To equip both signals from each CED with constant fraction discriminators, and a mean-
timed signal from each CED, 192 CFD and 96 mean-timer channels will be used for the CED’s
during the backward angle mode of running. Also, as discussed in the GO Technical Design
Report [47], a parallel, monitoring acquisition system will also be implemented to monitor
possible drifts in photomultiplier tube gains, and verify the general integrity of the signals used
for the parity violation measurements. For these slower time scale measurements, two passive
splitters, two ADC channels and one TDC channel will be used for each CED.

11 Summary and Requested Beam Time and Support

We are requesting no additional beam time for these measurements, but rather for the parity
violating N — A measurements to be recognized as an officially approved TINAF experiment.
The measurements described throughout this proposal will be made during the same running
period as the GO experiment in the backward angle mode. In addition, all beam, hardware,
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Figure 16: Schematic view of backward angle mode electronics.

and electronics requirements for the G0 backward angle elastic measurements are sufficient to
complete the inelastic measurements. Coincidences between the Focal Plane and Cryostat Exit
Detectors discussed throughout this proposal are necessary to separate the elastic and threshold
inelastic channels during the GO backward angle measurements, and allow the parity violating
asymmetry to be mapped out across the A resonance simultaneously. These measurements
provide direct access to the axial transition form factor G4 ,, the Q* dependence of which
we will be able to map out in the range 0.05< Q? <0.8 (GeV/c)?, and represent the first
determination of this form factor in the neutral current sector of the weak interaction.

A Details of the Asymmetry

In this appendix, we relate the notation used here to notations used by other authors [24, 8],
and show the explicit kinematic dependences of the coefficients of the electromagnetic and weak
transition form factors.

In the notation of Ref. {8], the asymmetry, containing only resonant terms, is written

2Q*

2(E + E') Wasin? &
e*(Q* + M7)

, 15
M 2WPMsin? & 4 WEM cos? %ﬁ} (15)

Agr = {agae + Bgv,e

where gy and g4, are given, in the minimal SU{2);,xU(1) model, by (8]

—€
g = —— (1 -4sin’@
v, 4Sin9w Cosgw(l s W)
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and
€

Ae = r——————
G 4 sin By cos Oy’

where e is the electron charge, and sin® 6 is the weak mixing angle, o and 8 are given by [8]
e

= ————— (1 - 2s5in%4
« ZSinﬂwcosgw( sin” Ow),

B = c

2sin d,, cos Gy’

the structure functions are given by [8}

c

WEM = = aa®(Ds(@N) + 0(D4(Q%)) + abDa(Q)D4(Q)),
2
Wyt = %%“f{aws(eﬂ)ﬁ +e[Da(Q%)]* + bD3(Q%)Da(Q%)}, (16)
W; = 3;42[%1)3(@2) + 6D4(QH){(b - 2c)2ﬂ£f,0§(Q2) + gcf(cf) - M*C4(Q%)},
with
a = (M+M)Y+q7
b= (M+M)YM-M)+Q, | (17)
c = (M—M')2+Q2,
and
D@} = -350N@),
Di@) = 503Q) + (@) (18)

To convert coupling strengths, consider only the first term, and assume @2 « M?Z. Then,

2Q?
A = I g
RL T aga,
202 ‘ . 3
= _ezMg 2sin Oy cos By )(4sin6W cos Bw)(l — 2sin” 8y
2Q? 1

= —(1 = 2sin?8y)].
M%Ssinzgwcos29w[ ( sin” Oy )]

Now, we use [24]
Mg = M3 cos? 0y,
to get

2Q?

Y [(1— 25in% 8y )].
8Mﬁ,sin2ﬂw[ (1 = 25in”6w)]

Arpr =

Next, we use [24]




p21]

and

e = gsin By
to obtain
ZQ GF ]
ARL = (1 — 2s81n gw)].
\/_
Finally, we use
e’ = 4ra
to get
_ Gp Q2 .2
Apr = fzwai (1 — 2sin” fy)]
Gr Q% .
= — O
V2 2Ta
Similarly,
2Q* Gr Q* -
2M2ﬁ Vie = TP
\/527“1
We now have
Gr Q* . - (2tan? ¢ UL

ARy,

= — o 19

. \/5271'&{ ﬁ(2tan )WEM—i—WEM} (19)
where WM, WgEM , and W3 are given by Eq. (16) above, and we have divided both numerator
and denominator of Eq. (15) by cos? % (we note that no measurements will be made at §.=180°).
Carrying through some algebra yields

(2tan? YWEM L WEM = hoo(Q,0)[CH(QN" + has( @, 0.)C3(@2)CT(Q?)
+haa(Q%,0.)[CT(Q)]%, T (20)
where
2 Ge
haS(QZ: Be) = 313;(:2 [(az + b2 - a'b)cta;;rzz + 2(”‘ +c- b)Qz]:
2 1 2 tan’ %ﬁ 2
h34(Q N 86) = W[@b — ab)c M2 + 2(2C - b)Q ], (21)
2 fe
hiu(@,0)) = il 42007,
with a, b, and ¢ defined in Eq. (17).
Similarly,
(2tan2925)W3 - (h3(Q%,6.)C2(Q?) + ha(@?,6.)C](Q2)] X
[9:(Q*)C5(Q%) + 94(@*)CH(Q%) + 95(Q*)CE(Q)], (22)
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where

a.nz b
m(@0) = an(b-2a) T
. 2 tan® %
ha(Q%0) = bl
W@ = Si(b-2), (23)
W@ =
95(Q%) = -M>.
Substituting Eq.’s (20) and (22) into Eq. {19) yields
Ar = S22 (a1 R, B, B,0.) (2)
where ,
F@%, B B0 = CEE e 064,02, (25)
with
BEM(Q 0, = _ ha(@%,8:)C3(Q%) + ha(Q%,8.)C(Q%)
T haa(@%,8:)[C3(Q3)? + haa(Q2,6.)CI(QH)CT(Q?) + hua(Q2,6.)[CT(Q )](26)
and
Gral@®) = 93(Q%)CH(Q%) + 94(QMCH Q™) + 95(Q1)CE(QY). (27)

We note here that, in full generality, CZ'(Q?) would contribute (see Eq. ( (3)), but enters into
this part of the asymmetry with a factor of o and is therefore neglected [8]. Additionally, the
form of HZM{(Q?,6;) depends on the assumptlon that C7(@*) = 0. The physics justification for
this assumption is two-fold: a) the theory of the spin-3 field requires that €7 (Q?) = Ccj(Q*) =0,
and b) the single pion photoproduction and electroproduction data can be adequately described

with C}(Q%) = C2(@?) = 0, or G3(@?) = 0 and C}(Q*)=— 14— C(Q") [8].

B Discussion of Non-Resonant Background

As discussed throughout this proposal, the yield for 1 pion electroproduction from the proton
is dominated by the N -+ A resonance, but there are non-resonant processes which contribute.
While estimates have been given as to the contribution these processes make to the parity vio-
lating asymmetry, the non-resonant background must be understood for a proper interpretation
of the data to be obtained from these proposed measurements. To bring out the main features
of the parity violating asymmetry in inclusive 7 electroproduction in the A resonance region, an
analysis of the asymmetry obtained from the incoherent summation of the coincident pr® and
nwt charge states (i.e., the decay of the A¥) has been performed [9]. They find

T _ 1GF Q2 AT AT AT
RL = _Eﬁﬂ( () T A0 + A%k, (28)

where A’(” n corresponds to the axial vector electron-vector quark isovector resonant contribution,
A(z) gives the axial vector electron-vector quark non-resonant background contributions (both
isovector and isoscalar), and Af;) gives the vector electron-axial vector quark contribution (both
resonant isovector and non-resonant isoscalar). These terms are given explicitly by
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T
(1, QZEV !

FAL) = -5 DR
{

3 ot
(ﬁMﬂMﬁ 3IML M) + (14 1)

+ (+2)+ 1)2(%

x {vrli(t+ 1) (IM?*M:_ =~ 3| M[_|?)
3

1 b
E&Ei—NE&F)+PUﬁ1X;§

B Ef - 310 )]

3 ‘ 3 !
+ {(t+1)3fs .5‘,+ 3|s}’+|2)+13(?s?_s,_ - 3152 1))} (29)
F2AF3) = 2gVUTrZR{i(l+1) E M{_;_-([.{. 1) ([+2)M EH—

- P+ 1)E,5_*M,_ + (- 1M E; .},

where the E’s, M’s, and S’s are transverse electric, transverse magnetic, and longitudinal multi-
poles, respectively [25, 53, 54|, their subscripts denote the angular momentum and parity, their
superscripts indicate the isospin decomposition, |

2
— 27e
vr = E—q"a“|+ta.1'l E
2 g
' _ € Q 2 Ye
vy = tani |q—2|+tan 5 (30)
Q*,
vL = |—I :
qZ

and F? corresponds to the inclusive electromagnetic cross section, normalized to the Mott cross
section (in the notation used here, F2 corresponds to 2W{EM sin? %ﬂ + WEM cos? %ﬂ) The con-
version of coupling constants has been given in Ref. [9], where they find

gagy=t = -2,
—20560 = —2(&-39).

Also, we note that the axial contribution, FZAFE’), has no isospin decomposition given here.
The contributions to this term, however, come from three sources [31]: the dominant isovector
piece, which includes the axial tramsition form factor Gf\‘, A(@?%); the primordial weak isoscalar
axial current, which vanishes in the minimal SU(2);x U(1) standard model (and becomes nonva-
nishing only when weak radiative corrections are included); and the heavy quark isoscalar axial
currents, which were originally neglected in writing down the phenomenological Lagrangian for
electron nucleon scattering (denoted by dots in Eq. (5)), and are expected to be only a few
percent of the isovector contribution [31]. Thus, for a first generation inelastic channel par-
ity violation measurement, the axial term may be taken to have a contribution only from the
isovector piece containing the axial transition form factor G§,(Q*). Thus, we may write

. Gp @’ . ,
Apy = TELla+ (6 -39)00 + AF(@, B, B,0.)) (31)

where F(Q*, E, E',6,) is given by Eq. (7) and in Appendix A, and

AT = o)

(2) —2(a — 3%) (32)
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As can be seen from Eq. (29), there are an infinite number of multipoles which comprise
the non-resonant background contribution to the 1 pion electroproduction asymmetry, with
both isovector and isoscalar pieces. Thus, even in keeping only the leading order multipoles
implies that an isospin decomposition is necessary to describe the non-resonant contribution.
As discussed earlier, an extensive data base for photoproduction from both the proton and
neutron {32, 33, 34, 35, 36, 37] exist, and complete multipole and isospin decompositions have
been done at the photon point [55, 38]. Such a decomposition does not exist for finite Q2, as
electroproduction data on neutron targets is quite limited. Once these data exist [40], a more
thorough description of the background will be possible.

In addition, this analysis [9] was performed on the incoherent summation of final charge
states, where no interference between resonant and non-resonant multipoles contributes. The
parity violating asymmetry from inclusive 1 pion electroproduction will certainly have contri-
butions from these interferences, and must be taken into account for a description of these
measurements. Again, an estimate of the contributions from both the background and the
interferences can be made with the use of a2 model [13], throughout the entire 1 pion produc-
tion region. Near the resonance, both of these contributions are expected to be small (see Fig.
2), and contribute with opposite signs, resulting in the resonant contribution dominating the
asymmetry. As one moves away from the resonance, the relative sizes of these contributions is
expected to change, as can be seen in Fig. 17, where we plot the individual contributions to the
asymmetry as a function of photon equivalent energy %., where

e - (BoE) @

2 M’ (33)

for two different values of @2, along with an estimate of our expected statistical precision to be
achieved at each @2 value studied in Ref. {13]. At low @2, and near threshold, the non-resonant
background makes a large contribution, but decreases in strength with increasing excitation
energy, while the resonant contribution increases. In the context of this phenomenological
model, there is a curious cancellation of non-resonant and interference terms as the excitation
energy increases, which persists as a function of Q?, resulting in a parity violating asymmetry
which has very little dependence on excitation energy.
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Figure 17: Asymmetries as a function of photon equivalent energy, k., for Q%=0.1 (GeV/ c)2
(upper) and Q%=0.5 (GeV/c)? (lower), including expected statistical precision for each Q2 value.
The meaning of the curves is the same as in Fig. 2.
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